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Gokel, J.P. Shepherd, and Wm. P. Weber, H.G. Boettger, J.L. Hoiwick , and
D.J. McAdoo, J. Org. Chem., 38, 1913 (1973).

2. The reaction of DC1 with ~jj  and trans-B-Trlmethylsilyl Styrene. K.E.
Koenig and Mn. P. Weber, J. Am. Chain. Soc., 95, 3416 (1973).

3. Mass Spectrometry of Organosilicon Compounds - Some Examples of Inter-
action of the Silyl Center with Remote Functional Groups. Mn. P. Weber
and H.G. Boettger, Intra-Science Reports, 7, 107 (1973).

4. The Reaction of Bromine with ci s and trans-8-TrimethylslJyl Styrene.
ICE. Koenig and Mn. P. Weber,1itrahedron Letters, 2533 (1973).
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William P. Weber, Phillip Stromquist, and Thomas I. Ito, Tetrahedron
Lettfrs, 2595 (1974).
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•l—SilacycIobutane , Phillip B. ValkovIch, Thomas I. Ito, and William
P. Weber, J. Org. Chem., 39, 3543 (1974).

12. CompetIng (2+2) and (2+4) Cycloaddltion Reactions of a Carbon—Silicon
Double Bonded Intermediate with an ct,8-Unsaturated Aldehyde. Copyroylsis• of l,l-Olmethyl-2-Phenyl-l-Sflacyclobutane and Acrolein, Phillip B.
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15. Pyrolysis of 1-Phenyl-l,3-Butadienes, A New Synthesis of 1,2—Dihydro—
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Seminars were presented on work supported by the AFOSR grant 73-2424

at the following institutions:

University of Buffalo, June 9, 1975

Non-Metallic Materials Laboratory, Wright-Patterson Air Force Base,
June 11 , 1975.

• : University of Indiana, June 12, 1975.

• Dow-Corning Company, June 16, 19Th.

Washington UnIversity, June 17, 1975.

Iowa State University, June 18, 1975.

University of Southern California, Los Angeles, March 16,. 1976.

Tulane University, New Orleans, Louisiana, March 29, 1976.

University of Oklahoma, Norman, Oklahoma, Apri l 1, 1976.
• 

University of Houston, Houston, Texas, Apri l 2, 1976.

Bowling Green University, Bowling Green, Ohio, May 19, 1976.

University of Akron, Akron, Ohio, July 15, 1976.

An invited talk on work supported by the AFOSR was presented at the

Gordon Research Conference on Organic Reactions and Processes, July 20, 1976.

• Papers Presented

3 The Reaction of ~-Tr1methylsIlyl Styrene with HX at the Dallas, American

Chemical Society meetIng, April 1973, Klpping Award Symposium.

Three papers were delivered at West Coast regional ACS meeting, San

Diego, November 1973. 
*

The Effect of Nelghborlrni Trimethylsiuyl Grou ps on the Photochemical
Fra~~ ntatton Petternlnq,of S-AiIcyi Thio*c.tate, ~ er1can Chemical Soc(ity

• 

~~~.

~~

, 
- 

~~~~~~~~~~ 

_ _ _  _ _ _ _  - -



: : - -- - 
_ _

The Reaction of Metho~ymethy1si1y1ene with Cyclic Dienes, W.P. Wch’*r andI ~ N.E. Childs , Fourth International Symposium on Organosilicon Chemistry,

Mosc ow, July 1975.
Lyrolysis of 1 ,l-Dimethyl-2-Phenyl-1-SiIacyclobutane, P.B. Valkovich and

• W.P. Weber, Fourth International Symposium on Organosilicon Chemistry,

Moscow, July 1975. Neither 0f these papers were presented but they will

appear in the Abstracts of the Meeting since both were accepted for presentation.
- [2+21 and [2+4] Cycloadditlon Reaction of Carbon Silicon Doubly Bonded

• Intermediates with Acrolein, W.P. Weber. This paper was presented at the

Bartlett Symposium in Fort Worth, August 1975.

Copyrolysis of 1,1-Dimettiyl-l-sllacyclobutane and Acrolein, American

Chemical Society Meeting, Mexico City, Mexico, November 1975.

Research Accomplishments

I shall attempt to suninarize the scientific accomplishments of the

past four years (October 1, 1972 to September 30, 1976) achieved by us

while working on Air Force Office 0f Scientific Research grant number

73-2424 titled UNSATURATED ORGANOSILICON HETEROCYCLES.

Most of the work has been published (see publication list). Often

results related to a single main goal or objective are the subject of more

than one publ ication. For this reason, I will attempt to bring our work

Into clear focus.

The generatlor. of carbon-silicon double bonds as reactive intermediates
• and their cycloadditlons with alpha, beta unsaturated aldehydes has been

a primary goal.
To accomplish this objectIve 1 ,1-dhmethyl—2-phenyl-l-sllacyclobutane

was prepared. Pyrolys e’ of this compound In the gas phase led to ethylene
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• and a reactive Intermediate possessing a carbon-silicon doubJe bond with

• a phenyl substitutent on the carbon atom. Apparently, the phenyl group
• . .~~~~~~~~

stabilizes the carbon-silicon double bond. Thus , 1 1-dimethyl -2-phenyl-1-
silacyclobutane decomposes at 45~’chereas 1 ,1-dimethylsllacyclobutane does
not decompose until 60O~ under comparable conditions , he phenyl substituted

carbon-silicon double bonded intermediate ultimately dimerizes to yield
1,1 ,3,3—tetrainethyl—2,4-diphenyl-l ,3-disi Iacyclobutane. These results

support the conclusion that a carbon-carbon bond breaks first in preference

to a carbon-silicon bond (see Publication 11).

• r 
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- 1 CH~
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The cycloaddition reactions of carbon-silicon doubly bonded Intermediates

- 
with alpha,beta unsaturated aldehydes such as acrolein were studied by

carrying out co-pyrolysis reactions of acrolein with l ,1-dimethyl—2-phenyl-l-

silacyclobutane and with 1,1-dlrnethyl-1-sllacyclobutane. It was found that

carbon silicon double bonded Intermediates undergo both 2+2 and 2+4

cycloaddltion reactions (see publications 12 and 17).
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The insertion of silicon-oxygen doubly bonded Intermediate was also

observed. This is of great potential importence since It may permit

chemistry on the backbone of silicon polymers (see publication 17).

An unexpected out-growth of this work was the finding that l-phenyl-l ,3-
butadlene, a product of the 2+2 cycloadditlon reaction Of the phenyl substituted
carbon-silicon doubly bonded intermediate with acrolein, undergoes a pyrolytic

electrocycllc reaction to yield l ,2-dlhydronaphthalene. The generality

of this new synthesis and the mechanism of the reaction were explored

(see publ ication 15).
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While we now had high temperature thermal sources of reactive

intermediates possessing carbon-silicon double bonds — we wanted a way

to generate such intermediates at low temperature - preferabl y photochemicall y .
With this objective, we prepared l ,1-dimethyl-2-phenyl-l-silacyclobut-2-ene

and studied its photochemical ring opening to yield the first intermediate

possessing a carbon-sil icon double bond conjugated to a carbon-carbon

double bond. The cycloaddition reactions of this new intermediate with

aeetone were studied. Both 2+2 and 2+4 cycloaddltlon reaction products

were found (see publication 16).

•4~~~ r~ 
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Another major goal was to prepare unsaturated organosilicon heterocycles

possessing 6w electrons and a silyl center to determine if conjugation

through silicon would permit such compounds to possess aromatic or other

• unusual properties.

• Preliminary wo~c was done to determine the sensitivity of vinylic

• carbon-silicon bonds to electrophilic cleavage. The stereochemistry of

• 

such cleavage reactions provided Insight Into the mechanism by which

vinylic carbon-silicon bonds are cleaved by electrophiles. Specifically,
I •j • •,-,• 
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~it was found that trans-beta-trimethylsilylstyrene was cleaved by deuterium

chloride to yield styrene In which the deuterium had replaced silicon .
Similar results were obtained with cis-beta-trimethylsilyistyrene

H H 411, H 411,1Z~~~~~~~~~~
NH

H4~~ + —~I-— CI

Cleavage of ~j~- and trans-beta-trlmethylsilylstyrene with bromine

likewi se resulted in retention of stereochemistry. These results could

be explained by a cis addition followed by a trans elimi nation mechanism

• (see publications 2 and 4).
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New ring closure reactions - which would permit facile Introduction
of a carbon-carbon double bond in an organosilicon heterocycles were

developed. Thus the photocatalyzed addition of H2S to dimethyldiallylsilane
was shown to yield l,l-dimethyl-l-slla-5-thlacyclooctane. Oxidation of

this sulfide gave the corresponding sulfone which was directly converted
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to 1,l_ dlmethy1_l_ sila~4~cyc*loheptene via a Ramberg-Backlund reaction

(see publ ications 5 and 7).

0
* 

~~~~~~~ 
CH2CI, CS0* KOH~~~~ Oft • )&O

I

Work on the effect of neighboring trimethylsilyl groups on the
• photochemical and mass spectral fragmentation pathways of S-a)kyl thlo-

acetates was an outgrowth of this work. Both sulfur-alkyl and sulfur-

aryl bond sciss lon were shown to be primary processes. w- (Trlmethylsilyl)-

alkyl methyl sulfides and sulfones were prepared and their spectrum studied.

Little work had previously been done ~n intramolecular interactions

between silicon and sulfur (see publications 9 and ~O).

• 
• (c Si~CH,).S~~H3

ftCR ,),$i(CH~). . .~ cØ4
S / 

~~~~~~~~~~ 
~-c~ \

• [(c~~~~j~).J. . 043J

• . [(cH,)2s~(cH,)Js
L(CH~)$(CH:).SL H2)$CH~
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The insert ion react i on of silylenes into var ious unsaturated organ ic

molecules was found to be a more direct approach to the preparation of

unsaturated organosilicon heterocycles.

Thus the reaction of methoxymethylsilylene with 1 ,3-cyclooctadiene led

to 1—methoxy-l-methyl-l-sila-2,8-cyclononadiene . The formation of this

product was consistent with an addition mechanism involving a vinyl-sila—

cyclopropane intermediate which opened by carbon-carbon bond scission

rather than by carbon-silicon scisslon to yield a diradical which underwent

a trans-annular 1 ,5-hydrogen transfer.

• 

-

~~~

Most recently, the reaction of methoxymethylsilylene with 2,5-dimethyl

furan has been shown to yield 2—methoxy-2,3,6-trlmethyl-l-oxo—2-silacyclo-

hexa~3,5_diene and 2-methoxy-2,4,7—trimethy l -l ,3-dioxo-2-sI)acyclohepta-4,6-

diene. In the first compound, interaction of a lone pair of electrons on

oxygen with both an empty 3d orbital on silicon and the diene system

would yield a 6,r electron system possessing a nodal plane. Such a system

is predicted to be aitiaromatic by the Mobius concept.

~~~~ --

- ~~_;. 
• 

~~~~~~~~~ •~~~~~~~~~~ • .
•
~ 

-



- —  .,- .---•- -  
-*

-

~~~ 

— .•- -•---•~~• ___z_____ 1_ • • . - - . - . -~~~~~ - 

- -

In the second compound , on the other hand , interac tion of two lone

fl pairs of electrons from the two oxygen atoms wi th both an empty 3d

orbital on silicon and the diene system would yield an 8ii electron system
possessing a nodal plane. Such a system is predicted to be aromatic by

the Mobius concept. Ultraviolet and other spectral properties of these

compounds , however , did not indicate any special stabilization (see

publ ications 13 and 19).

• 

• 0
/\
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Clearly, the reaction of silylenes with unsaturated cyclic organic

compounds provides an extremely direct efficient synthetic route to

unsaturated organosilicon heterocycles. This provided the incentive to

develop better methods to prepare silylene precursors. Specifically, the

• . pyrolysis of ~~ -tetramethoxy-l ,2-dimethyldisilane has been sho~in to yield

silylene and trimethoxymethylsilane. An efficient synthesis of ~~~~~~~~~

tetramethoxy-l ,2-dimethylsilane was developed. Photolysis of dimethoxymethyl-

• silane in the gas phase in the presence of mercury vapor yields the

- 

desired s~~-tetramethoxydimethyldis1lane and hydrogen (see publication

14). • *

(CH,O)2CH3SI—H -
~~~~ (CH 3O)2CH3SI—S1cH3(ocI13)2 +

‘ p

* 

~~~~~~~~~~~~~~~~~~~~~~~ •
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An attempt to extend this reaction to the photolysi s of chioro-

methyldimethylsilanes led to the discovery of an interesting pair of

radical chain reactions leading to formation of trimethylsi lane and

chloromethy ldimethy lchloros ilane at short reaction times and trimethy l-

chlorosilar ,e at long reaction times. Similar results were found when

the reaction was Initiated by di—t-butyl peroxide decomposition (see

publication 18).

t-Bu-0
‘ S t  -C H2CI ‘~

— — - -  (Ctj ~ ) S~-CH2CI in t otlori c ho i n one
- 

~~<
‘
,- (CH 3 }2 5 H- CH 2CI 

(CH,),S.cf -

~~ /

(CH~’2 S -C H2CI + (CH~)2 Si-CH2CI—--~~tCK3)2CISi -C H6C) + (CtI~~S i-CH 2~ 
60% 

~~~ ~~~~~(CH3)
2~ ~~~~~ (C )SvCI I 2 C) — (Ct1,),Si-H * (CH3)2 S1-CH2C$ 40%

H H 

. 
~~~ 2o%

(CH,(2S - C ~1~~.(CH 3)3S ,- H— — (CH 3)5S - H  + (CH3)3 S1 in iti at ion chain two LI - • —— - - — T~~~~~~~~~
—•

~~~~~~~~~~~~ —• 
~~~~~~~ -r— - - ,~~~~~~~~~~ - —

~~H 0 2 4 IS iS 20 20  2 4  26 2 6

LOG (TIME 114 MINUTES)
(CN~ S~ + (CH 3) Si - C H 2CI —~~ (CH3)5Si-C l 4 (CH,),Si- CH 2 Time dependence of the product rAt ios in thc radica lci ci chain reactirms of chloromethy ldim etiiy l silan e init ia ted by di-iert-

buty l peroxide.
(CH,~,S( + (CH5)2 S i-CH 2CI— —----~~CN~~SiCt • (CH~~SiCH

H H

(cI4,),S - C H~ + (CH 5)3Si-H 
—

~~ (CH2),Si + (CH,),Si .c)

Ci

On the other hand , it was shown that photolysis of pentamethyld isilane

in the vapor phase in the presence of mercury permits the synthesis of 1,3-

dihydrohexamethyltrisilane and 1 ,4-dihydrooctamethy l tetrasilane (see

• publ i cation 20).

hv
• 

(CH3)351-Sj (C 1i3)2
.H H-(CH3)2Si-Si (CH3)2-Si(C}f3)2-H

C H-(CH3)2Si-Si (CH3)2-S1 
(cH3)2-si (CH 3)2-H
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The chemistry of polysilanes possessing sulfur atoms directly bonded

to silicon has been actively explored . Preliminary results in this area

are most exciting.

Photolysis of 2,253,3-tetra-2,3-disila-l ,4-djthjacycIohexane yields

ethylene and 2,2,4,4-tetramethyl-2,4-djsjla-1 ,3-dithiacyclobutane.

Thi s react ion ~~ involve silicon-sulfur doubly bonded Intermediates.

Exper iments des i gned to trap such a silicon-sulfur doubly bonded intermediate

are in progress.

%~ l 1/ \ / \ /

[11__

s~

] 

+ CH2~~CH2

Pyrolysis of 2,2,3,3-tetramethyl-2,3-disila-I ,4-dithiacyclohexane

at 2300 in solution yields ethylene, 2,2-dlmethyl—2-sila-l ,3—dithia-

cyclopentane, and 2,2,3,3,5,5-hexamethyl-2,3,5—trisila-l ,4 dithiacyclo-

pentane in a ratio of approximately 1:1:1.

S4b~ j
/ ‘Si’

IN - , s’ ‘ + 1 ~ Ethylene
A

J Experiments designed to detect the presence of dimethylsilyl ene as

an intermediate in this reaction - pyrolysis in the presence of

dimethylphenylsilane as sol vent - were negative . Dimethyl ilylene

is known to insert into Si-H bonds.
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*q~~~ T~~~~~~~~~~~~~~~~~~~~~~~~-g4~ . .• . ~~~ . 

•

_ _ _ _  
4 t~~~~~~~~~~~~~~~~~~~~~~~



sicu CAtION OP t HIS PAG E (II DaS• Ent •I•d)

EPORT DOCUMEt4TAT~ON PAGE.-~ - Br? C~~~~~~~~~~~~~~~~~~~~~~~~ ORM(I ~~~~ I a. Govt A~~~I~~~ON NO I ~ ECIPIENt S CAtA LOG NUNREN/ AFOSR - IR— 76 ’l 1
— 4 TI?L~ ( i d SubtSU.) 5 tYPE 0 — .- ..n.e. ~~~~~~~~~~~~~~~

II~NSATURATED ORGANOSILIC0N HETEROCYCLES. Final

~~~

- 
~~

- S 

- -7 aui,o~~.; 
-_

•• I T O  $~~L.. . . —

~~~ Wllliam
~~~~~~E7 ~~~~~~ • 

AFOSR-73-2424

•, PERFONM,NG ONOANIZAT ION NAM E AN D ADONEIS 10. PROGRAM ELEMENT PROJECT TAS IC
AR IA A WORK UNIT NU~ .SE*~

~~ ~
o~~I~~ y

Cal1fornia 

~~~ I 
538 82-4U-O2~ 681303Los Angeles, California 90007 t .A

1~~ JII CONTROLLIp ~G OF~~ICC NAME AND ADDRESS ____________ 
• IS REPORT DATE

AF Office of Scientific Research (NC) 1976
Bowl ing Air Force Base Building 410 IL NUMIER OF PAGES

Washin9ton, D.C. 20332’ IS
TOmwG ADENCY NAME S AODPE5~ (I i  g. ,. .~~~ ~~~~~~~~~~~~~ Id)  t S SECU RtTY CLASS. (of hI. r port)

~~~ F-~~F~ 5R- ~~~~ ~~.• ~ :L~~:I~~~~~~~~ /~~~ W NGRA OING

IS DISTRISUTION STA I tMINT (of Ma Rap.rt)

Approved for public release, distribution unlimited

• 17 DISTRIWUT I0N STATEMENT (of (A. .b.t r.ct .nt .,.d In lI.ck 20, if d if f p , n1 fta. u pon )

5 SUPPLEMENTA RY NOTES

IS K EY WORDS (C.ntM~~ 4o Se ni• a*s If n.c••a~ y ed Sd.nUIy 5~. W o k  ni ,b.n)

1. organosihlcon heterøcycles 6. polysilanes
2. pyrolysls
3. photolysis
4. carbon-silIcon double bonds
5. silylenes

20. A ISTRACT (CaIWMU ,. ‘~~.. iN. it P CSSI~~y wd Id.nfI ~~ Ap W•ak nu b.n)

Suninary of the scientific accomplishments of the past four years (October 1,1972 to September 30, 1976) achIeved by principal Investigator and co-workers
4 

whIle working on AFOSR grant 73-2424.

DO , 
~~~~~~~~~~ 

1473 EDItION O PINOV S$~~~OS~~ LEy E 

SECURITY CLASSIPICAt ION OF t H•5 PAGE (II5.e

_  
_ _ _ _ _ _  

-
_ _



• V.. - - —— - ———•-——. -.
~~~

. .— - - - — .- •—- - - - -~~•. - - — - - - a ~~_ - — ________—_ - - -

~~~~~ ~~~~~~~~~~~~~~~~ - . •

( 6

4

The following experiment served to demonstrate that 2,2,4,4-tetramethyl-

2,4-disila-1 ,3-dithiacyclobutane may be an intermediate In the pyrolysis

of 2,2,3,3-tetramethyl-2,3-d isiIa -l ,4-dithiacyclohexane. Co-pyrolysis

of 2,2,3,3-tetramethyl-2,3-disjla-) ,4-dith iacyclohexane and 2,2,4,4-

tetramethyl-2,4-disila-l ,3-d ithiacyclobutane yields a 1:1 mixture of

2,2-dimethyl-2-sila-l ,3-dith iacyclopentane and 2,2,3,3,5,5-hexamethyl-

2,3,5-trlsiia-l ,4-dithtacyclopentane. This reaction has been shown

not to Involve free dimethylsilyl ene.
—it.
‘6’ 1/ ‘61 /
/
i_S& )i

\ 
_ _ _  

,\i

S S +  S >- + S
,
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Finally, both 2,2~dj eth~’l-2 jl~~1~3~.dlthiacyclopen tane and 2,2,3,3,5,5.

hexamethyl—2,3,5—trisfla-l ,4-djthtacyclopentane were shown to be stable
under the pyrolysis conditions.

The following series of compounds was prepared CH3S-[(CH3)2SI]~-SCH3
from n = 1 to 4. They had the following ultra-violet spectra . Photo-
chemistry and thermal chemistry of these compounds are under study.

CH3S-((CH3)2S1] -SCH3 max 2246 e 2.24 x 1O3

CH3S-[(CH3)2S1]2-SCH3 A 2466 A e 2.26 x IO~
CH3S-[(CH3)2Si]3-SCH3 max 2526 A c 2.40 x 10

max 2572 c 6 05 x
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